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Diverse ceramic technologies in Neolithic southern Vietnam: the case of Rach Nui 
 
Abstract 
The initial appearance of fine, incised and impressed ceramics dating to the Neolithic period 
(4200-3000 B.P.) in southern Vietnam was associated with the emergence and spread of 
sedentary settlements, cereal agriculture, and new forms of material culture. However, 
differences existed in contemporary ceramic technologies between sites. This paper presents a 
preliminary characterization of the pottery found at Rach Nui, located at the confluence of the 
Vam Co Dong, Dong Nai and Vam Co Tay rivers, a habitation site where the economy focused 
primarily on vegeculture and foraging. The rim forms and decorations at Rach Nui are presented, 
alongside a characterization of the tempers and clays from a small sample of sherds using 
scanning electron microscopy and energy dispersive x-ray spectrometry (SEM-EDX). The Rach 
Nui ceramics are compared to previous studies on An Son pottery, located upstream on the Vam 
Co Dong River. The results of the characterization and comparison indicate that Rach Nui 
potters focused on local production of a limited range of vessels compared to primarily 
agricultural settlements, like An Son. This research on Rach Nui pottery demonstrates that by c. 
3500 B.P., the inhabitants of the various Neolithic settlements of southern Vietnam, and perhaps 
more broadly across Mainland Southeast Asia, had established their own social and cultural 






The earliest evidence of Neolithic
1
 settlement in southern Vietnam has been recorded at 
the sites of An Son and Loc Giang on the Vam Co Dong River, dating to c. 4200-4000 cal. B.P. 
(Bellwood et al. 2011; Piper et al. 2017). These sites produced evidence of early agriculture, 
domesticated animals and the appearance of a variety of new material culture including fine 
incised and impressed pottery, ground stone technologies, and shell and bone ornaments. The 
current research focuses on Rach Nui, a coastal settlement site located in the low-lying nipah 
(Nypa fruticans) and mangrove swamp forests close to the confluence of the Vam Co Dong, 
Dong Nai and Vam Co Tay rivers in Long An province (Fig. 1). Rach Nui was established 
around 3500 cal. B.P., and remained in use for c. 200 to 300 years (Oxenham et al. 2015). Despite 
its contemporaneity with agricultural sites in southern Vietnam, like An Son, Rach Nui exhibited 
little evidence for local cultivation of crops, and the inhabitants relied predominantly upon 
vegeculture and foraging, supported through the importation of cereals (rice and millet) and 
stone implements and the maintenance of domestic pigs and dogs (Castillo et al. 2017; Oxenham 
et al. 2015).  
The Rach Nui assemblage consisted of two major ceramic groups (fine and coarse wares) 
that were manufactured utilizing different temper and clay sources. To characterize the 
assemblage at Rach Nui, we conducted a preliminary study of the rim forms and decorations 
represented in the assemblage and applied scanning electron microscopy and energy dispersive 
x-ray spectrometry (SEM-EDX) to a small sample of 24 sherds. SEM-EDX is widely used for 
the analysis of archaeological ceramics (Belfiore et al. 2010; Burton et al. 2021; Goldstein et al. 
2003; Knappett et al. 2011; Spataro 2011; Tite 1992; Tite et al. 1982). Our work assessed 
whether variations in temper and clay sources could indicate different production centers (Tite 
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2008). The preliminary characterization addresses the correlation between subsistence strategies 
and ceramic technologies in southern Vietnam. A brief comparison with the previous ceramic 
analysis of the An Son assemblage introduces broader topics about divergence in Neolithic 
lifeways in southern Vietnam and beyond that warrant additional research at a local and regional 
level in Mainland Southeast Asia (MSEA). 
Questions remain about how agricultural pursuits and other aspects of the Neolithic 
repertoire spread, including certain ceramic technological knowledge; either through the 
settlement of agriculturalists with resident hunter-gatherers in MSEA or through introduction by 
a smaller group in prestige-based cultural transmission (Higham and Rispoli 2014). Of note, 
pottery production was present in northern Vietnam at complex, sedentary, hunter-gatherer 
communities (e.g. Con Co Ngua) from at least the early seventh millennium B.P., or several 
thousand years prior to the introduction of farming and incised and impressed fine ceramics at 
nearby settlements, such as Man Bac (3850-3500 cal. B.P.) (Oxenham et al. 2018:940–957).  
Extensive research at Khok Phanom Di (c. 4000-3500 B.P.) on the central coast of Thailand 
has demonstrated fluctuations in practicing local cultivation due to variable sea levels. Diversity 
in material culture manifested, including a wealth of fine ware ceramics and specialist female 
potters, alongside social stratification during a return to a primarily marine hunting and gathering 
economy (Higham 2013; Vincent 2003, 2004). Rare exotic rice husk-tempered pottery was 
brought to Khok Phanom Di long before local cultivation of rice took place. Later in the 
sequence, c. 3500 B.P., rice husk was added as temper in local ceramic production. At a similar 
time, the nearby site of Nong Nor exhibited no evidence of local cultigens or animal 
domesticates, but did possess locally made ceramic vessels akin to those at Khok Phanom Di, 
and were potentially either made by the same potters or were part of the same exchange network 
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(Higham 2013; O’Reilly 1998a, 1998b; Vincent 2003, 2004). Khok Phanom Di and Nong Nor 
demonstrate that the dispersal of farmers was not uniform across MSEA (Higham 2021).  
The current research focuses on cultural differences through ceramic assemblages within 
one region, southern Vietnam. This complements earlier work on Neolithic ceramics from 
Thailand of detailed characterizations of vessel forms and fabrics (Vincent 1988, 2004), and 
comparative study of ceramic form, function, and decoration from neighboring sites in the 
resource-rich marine environment of coastal Thailand (O’Reilly 1998b). Additionally, from 
detailed analysis of incised and impressed motifs on ceramics, a technological horizon has been 
associated with interaction during the early Neolithic (c. 4500 to 4000 B.P.) spanning from 
southern China and throughout MSEA. Variations have been shown to exist in the incised and 
impressed tradition within and between regions of MSEA (Higham and Rispoli 2014; Rispoli 
1997, 2007; Rispoli et al. 2013). 
Our research draws upon regional diversification amongst contemporary sites with 
different subsistence strategies. We explore the technological choices made by potters. 
Conservative behaviors amongst potters can indicate the existence of generational lineages and 
enduring traditions, and thus similar origins. However, flexibility and innovation can occur when 
there are changes in social and cultural expectations, as well as in environmental conditions 
(Gosselain 1998; Roux 2019:305–312; Stark 1998; Stark et al. 2000, 2008).  
By c. 3500 B.P., communities across southern Vietnam, and perhaps more broadly across 
MSEA, had established their own social and cultural traditions. Using an analysis of pottery 
technologies from the c. 3500-3000 B.P. (semi) sedentary site of Rach Nui, we show that most of 
the ceramic assemblage included one main group of coarse vessels with a minor presence of fine 
wares compared with the contemporary nearby agricultural site of An Son, where a wider range 
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of fine and coarse wares appeared soon after settlement. The results demonstrate that distinct 
local ceramic technologies were quickly established at sites with different subsistence strategies, 
while also sharing some fine ware forms, supporting the presence of interaction networks in 
southern Vietnam during the Neolithic.   
 
2. Neolithic Occupation in Southern Vietnam 
 
Between 5000 and 3700 years ago, sedentary lowland agricultural communities migrated 
from southern China into MSEA, where they became firmly established in the basins of the 
major river systems (Higham 2017; Matsumura and Oxenham 2014; Oxenham and Buckley 
2016; Piper et al. 2021). There was a consequent change in the archaeological record, with a 
reshaping of economic strategy from hunter-gatherer occupation, attested mainly in limestone 
caves in interior uplands and riverine or coastal shell middens, to sedentary settlement in lowland 
villages associated with remains of rice and foxtail millet, and domesticated pigs and dogs. A 
variety of Neolithic polished stone implements and a range of new pottery forms with incised 
and impressed decoration replaced pre-Neolithic flaked stone and pebble adzes/axes (with some 
edge-grinding) and roughly made pottery vessels with ribbing and cord-marking (Piper et al. 
2021). The pottery recovered from Neolithic sites in southern Vietnam shares many basic 
characteristics with other early Neolithic assemblages from northern Vietnam, Cambodia and 
Thailand (Rispoli 2007; Sarjeant 2014a).  
At present, two major Neolithic site clusters exist in southern Vietnam, in the Vam Co 
Dong and Dong Nai drainage systems respectively, and Rach Nui is at the confluence of the two 
(Fig. 1). The oldest settlements so far are on the floodplain of the Vam Co Dong at the 
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neighboring sites of An Son and Loc Giang (Bellwood et al. 2011; Piper et al. 2017). Both sites 
consisted of mounds rising several meters above the surrounding landscape, resulting from 
sequential floor construction spanning about a millennium, between c. 4100 and 3100 B.P. 
(Bellwood et al. 2011; Piper et al. 2017). These agricultural communities engaged in rice 
cultivation and the management of domestic pigs and dogs (Piper et al. 2012).  
The sites along the Dong Nai River (with its Be tributary) include Suoi Linh, My Loc, Cu 
Lao Rua and Binh Da, and the quarry/stone workshops of Hang Ong Dai and Hang Ong Dung 
(Fig. 1) (Nguyen 2017; Piper et al. 2017). The initial occupation of Cu Lao Rua has been dated 
to 3500 B.P. (Nguyen 2008). Recent AMS dating of Binh Phuoc province sites along the Be 
River produced results between 3500 and 2900 B.P. (Nguyen and Dang 2020; Nguyen and 
Nguyen 2020). 
 
2.1 Rach Nui 
 
Rach Nui consists of a mound rising c. 5 to 6 m above the surrounding flat alluvial plain. 
It is approximately 75 m in diameter and flanked by low-lying tidal rivers and streams that 
support mangrove and nipah swamp forest (Fig. 2). In 1867, the Linh Son Buddhist pagoda was 
founded on the top of the mound, with subsequent additions (Oxenham et al. 2015). The initial 
excavations at Rach Nui took place in 1978, by members of the Institute of Social Sciences in Ho 
Chi Minh City and the Culture and Information Service of Long An Province. A single 6×10 m 
trench orientated north-south was excavated on the northwest side of the mound. This revealed a 
complex 5 m deep stratigraphy that consisted of floor surfaces and dump deposits. Vast 
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quantities of coarse-tempered pottery, unshouldered and shouldered adzes, and grinding stones 
were reported (Pham 1978).  
In 2003, members of The National Museum of Vietnam History in Hanoi and the Long 
An Provincial Museum conducted further excavations at Rach Nui. Two east-west trenches were 
excavated on the east and west sides of the pagoda, close to the top of the mound. Again, large 
quantities of pottery, stone artefacts, and several turtle carapace adzes, an artefact type so far 
unique to Rach Nui, and shell and bone ornaments were recovered (Frieman et al. 2017). Four 
dates obtained from two charcoal samples collected in 2003 from Neolithic horizons demonstrate 
the occupation was between 3903-3447 cal. B.P. and 3531-3126 cal. B.P.
2
 (Nguyen et al. 2004). 
In 2012, a collaborative team of archaeologists from the Australian National University, 
the Centre for Archaeological Studies in the Southern Institute of Social Sciences, Ho Chi Minh 
City, and the Long An Provincial Museum in Tan An excavated four trenches through the Rach 
Nui mound (Trenches 1-4) (Fig. 2). The purpose of these trenches was to identify the nature of 
the human activity at Rach Nui, and the layout and structure of the settlement (Oxenham et al. 
2015; Piper and Oxenham 2014).  
The excavations revealed that following initial land clearance, a foundation of clay and 
pottery mixed with shell lime mortar was deliberately laid, on to which the initial floor surfaces 
and slightly raised dwelling platforms with light wooden walls were constructed. The settlement 
appeared to have been deliberately planned and built on a north-south alignment. Each phase of 
construction was periodically demolished, and new platforms and associated above-ground 
structures were built. In total, 13 or 14 major phases of low platform and surrounding floor 
surfaces were recorded within the 5 m of Neolithic stratigraphy remaining on the site. Sometime 
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after initial construction, several smaller structures with clay floors, measuring c. 3×3 m, were 
built to the north of the dwellings, on the same north-south alignment (Oxenham et al. 2015). 
Fourteen charcoal samples recovered from between Phases 1 and 13 suggest that initial 
settlement construction began around 3555-3405 cal. B.P. and continued until 3380-3265 cal. B.P. 
(Oxenham et al. 2015)
2
. The Bayesian statistical sequence of dates suggests an occupation 
duration of between 45 and 210 years for the first 13 phases of construction at Rach Nui (Piper 
and Oxenham 2014). If we take the upper limits of this probability, it suggests that major phases 
of demolition and reconstruction were occurring on average every 15 years. 
Subsistence evidence from Rach Nui has shown there was a greater reliance on vegeculture 
and foraging than on domestic animals and plants (Castillo et al. 2017; Oxenham et al. 2015). 
The higher frequency of wild plant resources relative to domestic cereal crops (rice and foxtail 
millet) indicates that there was a focus on gathering local plants, fishing and hunting mammals 
and reptiles. Like at An Son, there was evidence of domestic dog and pig at Rach Nui, but the 
site did not have ideal conditions to grow rice due in its saline environment, and it has been 
argued that cereal crops were potentially imported from elsewhere (Castillo et al. 2017).  
The excavations produced vast quantities of pottery, polished stone adzes, clay pellets and 
adzes manufactured from the carapace of the river terrapin Batagur sp. (Oxenham et al. 2015). 
The Mekong delta region lacks hard stone for the manufacture of adzes or grinding stones, and it 
is highly likely that the Rach Nui adzes, axes and other tools were imported complete, or almost 
complete (Frieman et al. 2017). Stone quarries for adze production have been recorded in the 
upper reaches of the Dong Nai and Be Rivers, at Suoi Linh, Hang Ong Dai and Hang Ong Dung. 
At these sites the stone was quarried, provisionally shaped, and roughly ground into preforms. At 
My Loc, for example, in the Dong Nai River valley, almost 1000 complete and fragmentary 
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grinding stones designed for sharpening and polishing adzes and axes have been recovered (Bui 
et al. 2017; Nguyen 2017). From sites such as these, stone implements were transported 
downriver to settlements such as Rach Nui, where many tools were frequently re-sharpened and 




3.1. Morphology and Decoration 
 
The pottery assemblage from Rach Nui has been classified based on the terminology 
applied to An Son (Sarjeant 2014a), using principles and terminology from Shepard (1965), and 
revised here to include new forms from Rach Nui. The typology at An Son includes five classes, 
A, B, C, D and E, at An Son, but only four of these classes were at Rach Nui (Fig. 3). Class A is 
an everted rim form from an independent restricted vessel; Class B is a simple restricted bowl; 
Class C is a simple unrestricted dish; and Class E, known as a cà ràng in Vietnamese, is a 
pottery stove with internal projections to support another vessel during cooking. Class D, not 
present at Rach Nui, is the serrated- or wavy-rimmed bowl typical of An Son and Loc Giang. 
The Rach Nui ceramic assemblage included a few variations of forms, in addition to the forms in 
the An Son classification (Fig. 3). Preliminary counts of the dominant rim forms represented in 
the assemblage are provided in Table 1 with the proportion of each rim form within and between 
Trench 1 and Trench 2 to show the distribution of rim forms within this portion of the site. 
Additional counts of the other rim forms shown in Fig. 3, as well as collection of weights, 
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minimum number of vessels and dimension measurements of each rim form remain to be 
conducted. 
Variation in decoration was recorded within the entire assemblage collected in 2012 
according to mode of decoration and whether decorations occurred in isolation or in 
combination. The surface decorations commonly observed on Neolithic MSEA ceramics are 
painting, impression and incision. The decorative modes in Neolithic southern Vietnam include 
red painting and white lime infill applied to the surface; paddle impression, including wrapped 
with cordage to cord-mark the surface; stamp impression; incision techniques (single line or 
multiple parallel lines, including combing) in linear, zigzag, spiral, wave, and geometric shapes; 
and smoothing and burnishing (Sarjeant 2014a:39, 128).   
 
3.2. Fabric Analysis 
 
All sherds have been macroscopically examined from the 2012 excavation and sorted into 
basic fine and coarse fabric texture categories. Fine fabric was assigned to those sherds with 
visible mineral sand temper, and coarse, porous fabric were those with larger possibly shell 
inclusions and/or organic materials. A sample of 24 sherds was selected for analysis with SEM-
EDX to capture the variety of fabrics observed in the assemblage. The sample was from Trench 
2 in the 2012 excavation and from deposits across various stratigraphic layers and contexts 
(Table 2). Although the sample is small and does not include every rim form at the site, the 
sample represents the range of fabrics observed macroscopically within the entire 2012 
assemblage. Descriptions of the macroscopic observations (in cut section) within the sample are 
summarized in Table 2. Very little variation was observed macroscopically within the coarse 
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fabric category, regardless of rim form, and only five sherds were sampled for the preliminary 
fabric analysis. 
Before SEM-EDX preparation and analysis, each sherd was examined through a Zeiss 
Stemi 2000 CS Trinocular Zoom microscope, and photomicrographed with Zen 2.3 software to 
confirm the macroscopic observations and categorization as fine, coarse, or undetermined (Table 
2). Each sherd was prepared for SEM-EDX in a 25 mm circular epoxy resin block to create a 
flat, polished analytical surface, and carbon coated at CAMCOR, University of Oregon
3
. A FEI 
Quanta FSEM 200F at CAMCOR was used to take SEM backscatter micrographs (at 
magnifications of x30, 50, 100 and 600 with xT microscope Control software) and conduct EDX 
analysis (using Pathfinder 1.4 software) for at least 100 seconds live-time of non-plastic grains 
and five representative clay matrix areas in each sample
4
. The major elements O, Na, Mg, Al, Si, 
P, S, K, Ca, Ti, V, Mn and Fe were analyzed. Other elements were added when peaks were 
identified in the EDX analyses, e.g. Zr
5
. The results were converted into oxides with 
stoichiometric ZAF for data processing. 
Non-plastic inclusions in a ceramic fabric can occur naturally in the clay paste or be 
deliberately added by the potter to improve it. Organic materials, crushed pottery sherds or fired 
clay fragments (grog), rock fragments, coarse sands, ash and pumice are all common tempers. 
Temper can be determined from grain size, angularity, inclusion boundaries, sorting and material 
type (Quinn 2013:156–171). Non-plastic sand-sized minerals were analyzed with SEM-EDX and 
identified utilizing reference materials (Deer et al. 1992; Severin 2004). Organic materials (e.g. 
plant remains) used as temper cannot be analyzed using EDX, and visual assessment is made. 
Temper groups were established from the identified non-plastic inclusions that were determined 
to be deliberately added by potters.  
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Using the EDX data from the clay matrix analyses, multivariate statistics were applied to 
identify clusters and to define compositional groups that make chemical and archaeological 
sense. The compositional data were relative, so if one element increased in value, others 
decreased. To acknowledge the relative magnitudes and variations of the components in the sub-
compositional data, log ratio values of MgO, Na2O, Al2O3, SiO2, K2O, CaO, TiO2 and FeO 
against Al2O3 were used in principal components analysis (PCA) with Past software, from which 




4. Characterization of Rach Nui Ceramics 
 
The Rach Nui excavation produced 7,693 kg of pottery, comprising 650,202 sherds. The 
majority of all sherds (84 percent) were macroscopically identified with a coarse temper (e.g. 
form A1a [A in Fig. 4], B1a-variant [v] [C in Fig. 4], C1a [D in Fig. 4]; Table 1; Fig. 3). The 
body of the coarse-tempered simple restricted vessels (B1a-v) were cord-marked. The porous 
fabric and lack of consistency in rim shapes and wall thicknesses indicated a rapid method of 
forming. The remaining 16 percent of sherds were macroscopically identified as tempered with 
fine mineral sand (e.g. form A1a [B in Fig. 4]; Table 1; Fig. 3). Of the decorated fine sand-
tempered body sherds, the majority were cord-marked (n=8953), and some were combed (n=53). 
A small proportion of sand-tempered sherds were decorated with a combination of incised and 
impressed techniques (n=130), including horizontal incised lines infilled with stamped 
impressions or curvilinear motifs (F-J in Fig. 4). In a few instances, the fine sand-tempered 
ceramics exhibited repair or reuse with deliberately made perforations, perhaps to aid in 
rebinding sherds to reform broken vessels or for a secondary function (E in Fig. 4).  
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The results of the preliminary geochemical analysis with SEM-EDX of the ceramics from 
Rach Nui revealed eight fabric groups with clays 1 through 4. The coarse ware samples were 
identified with calcareous tempers a1 and a2. The fine ware samples were identified with sand 
tempers b1, b2, and b3. One undetermined sample was designated c1 and identified without 
temper (Tables 2, 3, 4, and 5; Fig. 5).  
Biplots of the matrix analyses indicated strong differences between two groups of 
samples in terms of K2O/Na2O and K2O/SiO2, similar proportions of CaO/Na2O, and a relatively 
even spread for Al2O3/SiO2 (Fig. 6). Thus, the clay groupings are differentiated in terms of the 
proportions of K2O and SiO2. The calcareous-tempered samples did not have a higher CaO 
proportion in the clays since the matrix was analyzed separately from the temper with EDX. 
PCA on the log ratio dataset for the clay matrices showed there were two main groups (clays 1 
and 2) and two outliers (clays 3 and 4) (Tables 3 and 4; Fig. 7). 
The majority of the analyzed sample consisted of sand-tempered vessels made with clays 
1 and 4, and are typically associated with a fine paste, thin body, and sometimes incised and 
impressed decorations (Tables 4 and 5; Fig. 7). These sherds contained fine- to coarse-grained 
mineral sands, namely quartz, feldspars, pyroxene, amphibole and chlorite. The subgroups 
included the same clay group with sand only (1-b1), sand with igneous rock (1-b2), and sand 
with grog (1-b3) (Table 4; Fig. 5). These grog inclusions (crushed fired clay or pottery sherds) 
were generally rounded and contained angular sands. Temper group b2 included two samples (16 
and 92) with igneous rock fragments. One sample (92) contained small botanical fragments, 
possibly the incidental presence of wood or charcoal (Fig. 5). One sample (90) contained sand 
with grog and a different clay group (4-b3) with a higher proportion of CaO (and Na2O), but no 
calcareous inclusions were in the fabric. 
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The calcareous-tempered vessels that have a coarse paste, thicker body, and a porous 
texture were identified with clays 2 and 3 (Table 4). These samples were typically tempered with 
coarse-grained calcareous inclusions (CaO or CaCO3), possibly crushed shell or limestone. Sand-
sized non-plastic mineral grains were generally absent from the fabrics of these ceramics. The 
subgroups included the two clay groups with calcareous temper (2-a1 and 3-a1), and calcareous 
temper with grog (2-a2) (Fig. 5). These coarse wares (form B1a-v) identified with calcareous 
temper comprise the majority of the assemblage recovered from the Rach Nui excavations. 
Based on macroscopic and microscopic observations, and its clay chemistry, sample 27 was 
likely originally calcareous-tempered like the rest of clay group 2, and the temper fragments 
were removed during sample preparation. Sample 7 (3-a1) was a variant within the calcareous 
temper group in terms of its clay chemistry with a higher proportion of CaO (and Na2O) 
compared to the other calcareous-tempered samples (Table 4; Fig. 7). It had both coarse and fine 
calcareous grains, some of which were a finer fraction than in the other samples, and potentially 
penetrated the clay matrix to influence its chemistry. 
Fabric group 3-c1 contains one sample only (111), which grouped with the calcareous-
tempered samples in terms of its clay matrix composition (Table 4; Fig. 5 and 7). The sample 
contained two poorly mixed clays with distinct textures: one smooth and dense, and the other 
more porous; clay-sized minerals and no identified temper. The calcareous-tempered ceramics 
and sample 111 in clay group 2 are characterized by clays that have a higher proportion of K2O 
and SiO2 than the sand-tempered ceramics in clay group 1. Clay group 2 also had a slightly lower 
proportion of Al2O3. The proportion of FeO, TiO, CaO, MgO, and Na2O was consistent across 
clay groups 1 and 2.  
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Few clay-sized minerals were identified in the calcareous fabrics. The typical minerals 
found as sand added to the fine wares were quartz, alkali and plagioclase feldspars, amphibole, 
pyroxene, and chlorite. Amphibole, apatite, chlorite, zircon, ilmenite and other metal oxides 
naturally occur in the clay matrices. Sedimentary rocks and quaternary alluvial deposits with clay 
minerals are found close to Rach Nui in the mangrove environment (Nguyen and Egashira 2007). 
Coastal fluviosols may contain calcium carbonate, and high sodium salinic soils could be found 
in the tidal areas around Rach Nui. Samples 7 and 90 presented a higher proportion of CaO and 
Na2O in the clay matrices than the other samples. Igneous rock sources are not found locally at 
Rach Nui, however mineral sands (e.g. feldspars, mica, amphibole, quartz, olivine, and 
pyroxene) deriving from igneous parent rock such as granite and basalt may be found nearby 
since riverine settings contain a wide variety of sediments (GMS Core Agriculture Support 
Program Phase 2 2020). Igneous rock gravels travel short distances by natural processes in the 
Dong Nai River system, including near Rach Nui (Gugliotta et al. 2020). Further analysis and 
techniques to identify minor elements would be useful to aid in establishing the clay chemical 
profiles of the ceramics potentially manufactured from local clays at Rach Nui, and of those 
produced further afield from other sources.  
The ceramic technology at Rach Nui points towards large-scale local production of 
coarse vessels (form B1a-v; Table 1). Like the fiber-tempered vessels at An Son, these 
calcareous-tempered restricted bowls could have been used in cooking, food processing (e.g. 
fermentation), storage, transportation, or serving (Eusebio 2015, 2016:358–359; Sarjeant 
2014a:140). The sherds of these vessels also had a secondary function in the construction of hard 
foundations for the floors at Rach Nui. The short-lived Neolithic occupation of Rach Nui is 
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marked by the production of these calcareous-tempered vessels over any other ceramic vessel 
form.  
While only preliminary at this stage, distinct manufacturing methods are apparent in the 
limited range of vessel forms at Rach Nui. Except for sample 111 (no temper), those vessel 
forms typically manufactured with a consistent, smoother, thinner profile were shown through 
SEM-EDX to contain sand temper (e.g. A1b-v, A1c, A1g and C2a) (Table 2; Fig. 3). These 
independent restricted vessels (class A) are characterized by the appearance of incised lines and 
stamped impressions on the shoulder of ceramics from Neolithic southern Vietnam. This mode 
of motif is not identified on the vessels associated with calcareous tempers. Vessel form B1a-v 
were coarse calcareous-tempered wares (Fig. 3). The same calcareous temper was identified 
macroscopically in cà ràng class E sherds. The simple restricted vessels (B1a-v) typically had a 
thicker body, often with visible finger impressions on the interior from forming. Cord-marking 
was applied over the body of vessel form B1a-v. Black carbon cores in many of these vessels 
indicate the vessels were fired in lower firing temperatures in an open bonfire for a short time 
(Gibson 2002; Kerr and Wood 2004:284). These coarse wares were likely formed and fired 
rapidly with little attention on smoothing or thinning of the walls to a uniform thickness for an 
even firing process, resulting in a high degree of variation within this vessel form. Dimensional 
data applied to an analysis of standardization may reveal there was a low degree of craft 
production at Rach Nui (Arnold 2000; Blackman et al. 1993; Costin 1991; Costin and Hagstrum 
1995; Eerkens and Bettinger 2001; Longacre et al. 1988; Rice 1991; Roux 2003). This remains 
to be conducted in a future study. 
 
5. Regional Diversification in Ceramic Assemblages in Southern Vietnam 
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Extensive excavations at both An Son and Rach Nui produced large quantities of 
ceramics. The ceramic assemblage from Rach Nui was dominated by coarse (calcareous) temper 
for class B vessels with few sherds representing a wider variety of forms, decorations, and clay 
and temper choices. At An Son, several specific local manufacturing practices were  identified 
for frequently occurring vessel forms (Sarjeant 2014b). This section outlines a comparison 
between the ceramic assemblages at Rach Nui and An Son, on the Vam Co Dong River, where 
in-depth ceramic analysis has been previously conducted (Sarjeant 2014a, 2014b). 
The distribution of coarse and fine wares (in sherd fragment counts) over time was 
consistent at both sites in that coarse wares dominate the assemblage at Rach Nui, and fine wares 
predominate in the assemblage throughout the An Son occupation. During the earliest occupation 
of An Son, the ceramic assemblage was composed of simple restricted bowls (form B1b) and 
concave rims from independent restricted vessels (form A2a) that were sand-tempered. After this 
period of initial settlement, the range of vessels increased (A1 forms and B1a), and fiber-
tempered vessels and ritual vessels for An Son burials, especially class D1 vessels, appeared. By 
mid-sequence at An Son, contemporary with the Rach Nui initial occupation, the range of vessel 
forms increased in classes A1, A2 and C. The later sequence was characterized by D2a vessel 
forms for ritualistic burial goods, and a continuation of those forms from mid-sequence (Fig. 3). 
The decoration on ceramic vessels at An Son transitioned from coarse cord-marking and coarse 
punctate stamping to more elaborate and varied incised and impressed motifs after the initial 
settlement period (Sarjeant 2014a:389–391). 
The ceramic assemblage from An Son displayed a number of different rim forms across 
classes A, B, C, D, and E, in addition to a large number of variations within these forms, and 
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complete fine ware vessels (Sarjeant 2014a:110–111). The dominant B1a-v form at Rach Nui 
were not identified at An Son. A minor presence of classes A, C, and E at Rach Nui included 
similar forms to those at An Son (Tables 1 and 6; Fig. 3). Of those rim forms identified at An 
Son after c. 3500 B.P., small quantities of forms A1a, A1b, A1c, A1d, A1g, A2a, B1b, C1a, C1b, 
and C2b were at Rach Nui. Some class A, C, and D forms at An Son were not identified at Rach 
Nui and are noted in Fig. 3. Class E vessels, while present at both sites, were produced in a 
different manner at Rach Nui to those at An Son that had fiber temper and smoothed surfaces 
(Fig. 3). The cà ràng (class E) and variations of this vessel with three projections or “ceramic 
cones” are associated with various sedentary sites in MSEA for cooking, including at Tha Kae 
and Non Pa Wai in Thailand (Rispoli et al. 2013). 
Similar trends in terms of variety were also identified in the decorations found on ceramic 
sherds at both Rach Nui and An Son. A range of decorations were at An Son, including cord-
marked impressions, combed incisions, and single line incisions or geometric incisions in 
combination with stamped impressions (Sarjeant 2014a:131–133). A total of 26 different modes 
of decoration were observed at An Son, while 15 modes were identified at Rach Nui. At both 
sites, cord-marking applied with a paddle was observed on coarse and fine wares. Combinations 
of incised and impressed designs were on the shoulder of fine sand-tempered vessels at both 
sites.  
Previous SEM-EDX analysis of 59 ceramic sherds from An Son revealed that temper 
selection generally corresponded to clay selection, as also observed at Rach Nui (Sarjeant 
2014a:232–233). One clay group was primarily used for coarse fiber-tempered (likely rice chaff) 
ceramics at An Son. The other main clay group primarily consisted of fine sand-tempered 
ceramics, many of which were undecorated, cord-marked or combed, and some were decorated 
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with a combination of incised and impressed methods. Other tempers less frequently identified at 
An Son included phosphate and calcareous inclusions (often with fiber) (Sarjeant 2014a:145).  
The fabric groups identified at An Son correlated to vessel forms, whereby chemically 
similar clays were mixed with specific tempers to manufacture a certain vessels, specifically 
forms A1a, A2a, B1a, C1b and D1a (Fig. 3) (Sarjeant 2014b). A1a vessels were tempered with 
fiber; A1b, A2a, B1b, C2b, C3a, and class D vessels with sand; and B1a and C1b vessels with 
sand and/or fiber. The Rach Nui sample is too small in the current study to come to any 
conclusions about the relationship between vessel form and fabric group, although there is an 
association between clay group 2 and calcareous temper selections for B1a-v bowl forms. Forms 
A1b and A2a were sand-tempered at both An Son and Rach Nui. 
Previous studies have shown that the two main clay groups at An Son overlapped 
somewhat in PCA biplots (Sarjeant 2014a:177–179), rather than completely separated like in the 
Rach Nui PC1 and PC2 biplot, suggesting coarse and fine vessel forms were made with two 
distinct clay sources (Fig. 7). The overlap in clay groups of An Son ceramics indicates both sand-
tempered (A2a) and fiber-tempered vessel forms (B1a) were made with chemically 
homogeneous clay (Sarjeant 2014b).  
When the analyzed data from the Rach Nui and An Son samples are presented in 
elemental biplots, most (but not all) of the Rach Nui samples (coarse and fine wares) have a 
higher proportion of Na2O compared to the An Son sample
7
 (Fig. 8). This suggests the local 
saline-rich environment may have impacted the composition of the ceramics, either as a result of 
post-depositional impacts, local clay selections in this setting, or possible functions at Rach Nui 
(e.g. salt production) (see Halliwell et al. 2016; Stoner et al. 2014; Yankowski 2019). Once a 
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larger sample of Rach Nui sherds is analyzed, equivalent to that from An Son, comparative 
statistical analysis using geochemical data in consideration of the Na2O effects can be conducted. 
Other sites to the north of Rach Nui demonstrate the diversification in ceramic production 
in the region, and those that may have connections with Rach Nui. Comprehensive ceramic 
characterizations from many of these sites is lacking. One exception is Loc Giang, that neighbors 
An Son, and has a very similar ceramic assemblage to An Son with predominantly class A 
vessels and a presence of wavy-rimmed class D vessels (Piper et al. 2017; Quang and Ngo 1994). 
Although rare outside the Vam Co Dong basin, recent research has identified similar wavy-
rimmed vessels at circular earthwork sites such as An Phu, Long Hung 1 and Thuan Phu 2 in the 
Be River basin in Binh Phuoc province, hinting at shared ceramic traditions between the Vam Co 
Dong sites and settlements to the north (Nguyen et al. 2020; Nguyen and Dang 2020). 
Settlements along the Dong Nai River, such as Cu Lao Rua and Binh Da, developed their 
own preferred ceramic repertoires, different from those in the Vam Co Dong valley. Vessels 
were produced with pronounced shoulder ridges, and incised and impressed decoration on rim 
interiors (Nguyen 2008; Nishimura and Vuong 1997; Sarjeant 2014a:314, 318). Data from Cu 
Lao Rua and Binh Da have demonstrated that variant forms of A1b, C2b, and A1g, and ridged 
shoulder fragments with curvilinear incision (F in Fig. 4), are all present at Rach Nui in small 
numbers, hinting at possible connections between Rach Nui and Dong Nai valley sites (Nguyen 
2008; Pham and Nguyen 1993). 
Diversification between the Vam Co Dong and Dong Nai River basins is also observed in 
non-ceramic vessel material culture. The Vam Co Dong settlements contain bangles, fishhooks 
and beads made of bone and shell. The Dong Nai bangles are of clay, and these, with the 
characteristic Dong Nai pottery-making anvils of baked clay, are unrecorded in the Vam Co 
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Dong region. Some items such as clay pellets, ceramic discs and rectangular-sectioned adzes are 
ubiquitous between the Vam Co Dong and Dong Nai communities (Sarjeant 2014a:309–336).  
Regional comparative ceramic studies in southern Vietnam need to employ studies of 
fabrics alongside morphological and decoration analyses. The next step will be to expand the 
ceramic sample from Rach Nui in fabric analysis, and to integrate samples from other areas of 
southern Vietnam, the Dong Nai and Be River valleys, and utilize SEM-EDX alongside minor 
elemental studies of clays to characterize pottery fabrics. This may shed further light on the 
interaction networks in the region that included the movement of pottery, and their contents, and 





Comparisons between Rach Nui and An Son highlight local divergence in cultural, social, 
technological and economic practices soon after settlement in the region. The ceramic 
assemblage at Rach Nui shows local production was focused on one vessel form (B1a-v). In 
contrast, the An Son potters produced an increasingly diverse range of fine ware ceramics soon 
after it was settled by agriculturalists. Since the An Son assemblage had a larger proportion of 
fine wares compared to coarse fiber-tempered vessels, a larger quantity of sherds was identified 
with a range of rim forms and decorations compared to Rach Nui.  
The An Son assemblage also included pots tempered with fiber, likely cultivated rice 
chaff, after its initial settlement. The rice has been identified as domestic Oryza sativa spp. 
japonica with genetic testing in two An Son pottery sherds (Bellwood et al. 2011). Domestic rice 
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was also identified with microCT from An Son and Loc Giang pottery sherds (Barron et al. 
2017). Rice chaff-tempered pottery has been recorded throughout MSEA at cultivation sites, 
where rice was readily available, but the technology may have also occurred when rice was 
imported (Carratoni et al. 2018; Vincent 2003). No evidence of rice chaff-tempered ceramics has 
been identified at Rach Nui.  
At Rach Nui, there was no evidence that the same clay was used for both coarse 
calcareous-tempered and fine sand-tempered vessels, and two distinct clays were present in the 
pottery assemblage. These two broad technological groups, with variation observed within each 
in this study identified as eight fabric groups, may represent vessels from two (or more) 
production centers, one of which was at Rach Nui or nearby. The origin of the sand-tempered 
vessels remains to be analyzed further. The same clay group has been identified for both sand-
tempered and fiber-tempered wares at An Son, and a large range of fine and coarse wares were 
likely manufactured locally (Sarjeant 2014a, 2014b).  
Even though Rach Nui was occupied for only a short time in comparison to An Son, the 
high levels of input into the construction and maintenance of the settlement would suggest that 
Rach Nui was designed and built for (at least) long-term occupation, perhaps to procure 
particular resources. Although determining what these resources were remains elusive, it 
required the manufacture of vast amounts of utilitarian pottery.  
Different cultural change patterns can emerge as a result of vertical (between generations) 
and horizontal (between groups) transmission of inherited skills; adoption of new ideas by way 
of social learning; and innovation and copying errors (Eerkens and Lipo 2005, 2007). Both Rach 
Nui and An Son exhibit evidence of stable intergenerational vertical transmission in ceramic 
technology over 200-300 years and 1000 years, respectively. This is consistent with the concept 
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that potters are generally conservative in their manufacturing methods (Vincent 2003). Diversity 
in the ceramic assemblage expanded soon after settlement at An Son, and there were only a few 
instances of rapid adoption to particular styles or exaggerated change that would possibly be due 
to prestige bias in selection of ceramic technologies from other production centers or due to 
innovation (Sarjeant 2014a:406–407). 
One possibility is that Rach Nui was inhabited by (semi) sedentary indigenous foragers 
who had learnt from and/or interacted/cohabitated with agricultural communities. Alternatively, 
it was a Neolithic community that had abandoned agriculture (or never adopted it) in unsuitable 
environments, resorting to a greater dependence on hunting and gathering. Possible dual 
settlement occupation has been identified at Man Bac (3850-3500 cal. B.P.) in northern Vietnam 
where indigenous Southeast Asians are recorded buried in the same designated places of 
interment as immigrant East Asian individuals (Oxenham et al. 2018, 2021). Similar material 
culture and environmental adaptation to mangrove environments are evident at settlements on the 
coast of southern Vietnam (e.g. Go Ca Soi and Go Cay Me in Ba Ria-Vung Tau Province) with 
comparable utilitarian coarse wares to those at Rach Nui and imported stone tools.  
As demonstrated in central Thailand, divergence in subsistence strategies within “micro-
regions” across MSEA emerged amongst early agriculturalists who relied upon resource-rich 
environments like rivers and mountains, resulting in other cultural diversifications and 
innovations, such as in pottery, soon after settlement (Higham and Rispoli 2014). Rach Nui 
presented a dominance of a limited array of locally made ceramic vessel forms as vegeculture 
and foraging subsistence strategies were practiced throughout its occupation. Khok Phanom Di, 
on the other hand, exhibited specialist production of pottery, even as the inhabitants returned to a 
primarily marine hunting and gathering economy (Higham 2021; Vincent 2003, 2004). Similarly, 
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the An Son potters produced an increasingly diverse range of ceramics soon after it was settled 
by agriculturalists. While the nature of interaction via ceramic vessels and the products they 
contain between An Son and Rach Nui remains to be analyzed further, divergence in local 
ceramic technologies emerged at contemporaneous sites with different subsistence strategies in 




The preliminary ceramic characterization of Rach Nui rim forms and decorations, and 
fabric analysis using SEM-EDX of a small sample identified two main technologies. The 
dominant group of ceramics were calcareous-tempered (some with grog) utilitarian coarse wares 
with few forms and decorations. A smaller proportion of sand-tempered (some with igneous rock 
or grog inclusions) fine wares with a range of rim forms and incised and impressed motifs. The 
eight fabric groups identified at Rach Nui included four clay groups and three temper groups 
consisting primarily of calcareous, sand or no inclusions, indicating variation within the two 
main technologies.  
In contrast to previous studies at An Son, the majority of the assemblage was composed 
of a limited range of vessel forms and decorations at Rach Nui. Yet, the minor presence of fine 
wares at Rach Nui that draw parallels with ceramic forms at An Son, and with sites on the Dong 
Nai River, suggest that there may have been common origins for some of the pottery. This 
supports the presence of extensive interaction networks in southern Vietnam that also facilitated 
import of lithics and crops to Rach Nui from the upper Dong Nai River valley (Castillo et al. 
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2017; Frieman et al. 2017). Additional provenance studies may substantiate the transportation of 
ceramic vessels (and their contents) in Neolithic southern Vietnam. 
This study adds to growing research on ceramic technology from southern Vietnam and 
the wider MSEA region to aid future research on patterns and variability in Neolithic settlement. 
The results of this preliminary study have shown that distinct local ceramic technologies existed 
at two nearby and contemporary sites within southern Vietnam by c. 3500 B.P., distinguished also 
by their subsistence strategies and environments, and potentially reflective of different social and 
cultural traditions.   
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1 In this paper, we define ‘the Neolithic’ through the appearances of incised and impressed pottery, supine burials 
often with a substantive East Asian phenotypic/genetic component (Lipson et al. 2018; Matsumura and Oxenham 
2014), nephrite ornaments (in some regions), quadrangular-sectioned ground stone adzes, and putatively 
domesticated rice, millets, pigs and dogs. Vietnamese archaeologists frequently define as ‘Neolithic’ many 
preceding cultures with flexed burials with Australo-Papuan craniofacial affinities, edge-ground stone tools, and 
coarse paddle-impressed pottery, such as the so-called ‘Bacsonian’, the Dabutian, and even the older Hoabinhian 
(Nguyen et al. 2004). 
2 All dates have been calibrated using OxCal 4.3 IntCal 13 at 95.4% probability (Bronk Ramsey 2009; Reimer et al. 
2013). 
3 The application of SEM-EDX to analyse archaeological ceramics is widely accepted (Belfiore et al. 2010; 
Goldstein et al. 2003; Knappett et al. 2011; Spataro 2011; Tite 1992; Tite et al. 1982) 
3 When samples are flat and polished, the texture and structural integrity of the sherd is intact, and accuracy in EDX 
analysis for a major element is 1-2% of the amount present (Goldstein et al. 2003:12). 
4 The machine conditions used 20kV accelerating voltage and the electron beam was set at a spot size of 4μm. SEM-
EDX allows selection of specific points and areas for analysis, and sand grains can be analysed separately from clay 
matrices. 
5 EDX analyses x-rays emitted by the sample when an electron beam is targeted at the sample in the SEM. Each 
element has x-rays that are characteristic of its atomic structure, which appear as peaks and quantities in EDX 
analysis that can be identified when compared with reference peak data (Goldstein et al. 2003:356). 
6 When certain elements were excluded from the statistical analysis, a sub-composition was used, and the values 
were re-normalised to total 100%. Log ratios transform the data from a simplex space (i.e. compositional data in a 
restricted space in which the values are only between 0 and 100) to Euclidean real space which is applied to 
conventional multivariate statistical analyses such as PCA (Aitchison 1986; Aitchison et al. 2002; Pawlowsky-Glahn 
and Egozcue 2006). The averaged and normalised values for each sample were applied in a log ratio transformation 
against Al2O3. Al2O3 was selected as it was a common and least variable elemental oxide in the samples due to the 
clay matrix containing minerals that are hydrous aluminium phyllosilicates with variable proportions of the other 
elements (e.g. FeO, MgO). 
7 The 59 An Son samples are described in Table A.1. in Sarjeant (2014a:443–445), available at 






Figure 1. Map of sites in Southeast Asia with inset of Neolithic sites within southern Vietnam. Map by Philip J. Piper and Peter Bellwood.
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Figure 2. Site plan of Rach Nui excavations from 1978, 2003 and 2012. From Oxenham et al. 2015.

Figure 3. Ceramic forms at Rach Nui, based on and developed from the classification for An Son. The forms not present at Rach Nui are
shown as examples from An Son. RN = Rach Nui; AS = An Son. Illustrations by Carmen Sarjeant.
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Figure 3A. Class A ceramic rim forms at Rach Nui, based on and developed from the classification for An Son. The forms not present at
Rach Nui are shown as examples from An Son. RN = Rach Nui; AS = An Son. Illustrations by Carmen Sarjeant.
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Figure 3B. Class B and C ceramic rim forms at Rach Nui, based on and developed from the classification for An Son. The forms not present
at Rach Nui are shown as examples from An Son. RN = Rach Nui; AS = An Son. Illustrations by Carmen Sarjeant.
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Figure 3C. Class D and E ceramic rim forms at Rach Nui, based on and developed from the classification for An Son. The forms not present
at Rach Nui are shown as examples from An Son. RN = Rach Nui; AS = An Son. Illustrations by Carmen Sarjeant.
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Figure 4. Examples of ceramics from Rach Nui. A: form A1a with coarse fabric; B: form A1a with fine fabric; C: form B1a-v with coarse fabric;
D: form C1a with coarse fabric; E: evidence of possible repair or reuse by drilling holes into a fine ware sherd; F: a ridged body sherd with
curvilinear incision on a fine ware sherd; G: incised band with stamping on a fine ware sherd; H: incised band and geometric shape with
stamping on a fine ware sherd; I: linear paddle impressions with incision and smoothing on a fine ware sherd; J: linear impressions with
incision and smoothing on a fine ware sherd.
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Figure 5. SEM backscatter images of the tempers identified in the Rach Nui assemblage. Sample number is in the top left corner. Temper
groups clockwise from top left: calcareous (a1), sand (b1), sand with igneous rock (b2), sand with grog (b3), no temper (c), calcareous with
grog (a2). Some of the identified inclusions are labelled. Ca = calcareous; Ilm = ilmenite; Chl = chlorite; Qz = quartz; Px = pyroxene; Amp =
amphibole; Kfs = potassium feldspar; Pl = plagioclase; Ol = olivine.

Figure 6. Biplots of clay compositional data from SEM-EDX analysis of the Rach Nui ceramic samples (each sample is numbered). Top left:
K2O/Na2O; top right: CaO/Na2O; bottom left: K2O/SiO2; bottom right: Al2O3/SiO2.

Figure 7. Principal component analysis biplot of clay compositional data from the Rach Nui samples (each sample is numbered). The first
two dimensions are shown. Two main groups were identified.

Figure 8. Biplot of clay compositional data showing SiO2/Na2O from SEM-EDX analysis of the Rach Nui and An Son ceramic samples. Rach
Nui (RN- [red]) and An Son (AS- [black]) samples (each sample is numbered). Dots = fine ware, squares = coarse ware, O = untempered very
fine ware.

Table 1. Preliminary counts and proportion of the frequently occurring ceramic rim forms in Trenches 1 
and 2 at Rach Nui during the 2012 excavations (based on data collection by staff from the Centre for 


















in Trench 2 
vs. Trench 1 
Count Proportion 
Fine 
A1a 253 1.12% 0.51% 399 1.46% 0.80% 652 1.31% 
A1b-v 98 0.43% 0.20% 173 0.63% 0.35% 271 0.54% 
A1g 431 1.91% 0.86% 555 2.03% 1.11% 986 1.98% 
A2a 87 0.39% 0.17% 52 0.19% 0.10% 139 0.28% 
C1b 175 0.78% 0.35% 98 0.36% 0.20% 273 0.55% 
C2a 13 0.06% 0.03% 33 0.12% 0.07% 46 0.09% 
C2b 12 0.05% 0.02% 64 0.23% 0.13% 76 0.15% 
Total 
Fine 
1069 4.74% 2.14% 1374 5.03% 2.75% 2443 4.89% 
Coarse 
A1a 186 0.82% 0.37% 261 0.95% 0.52% 447 0.90% 
A1b 39 0.17% 0.08% 85 0.31% 0.17% 124 0.25% 
B1a-v 21149 93.70% 42.37% 25437 93.03% 50.96% 46586 93.33% 
C1a 78 0.35% 0.16% 128 0.47% 0.26% 206 0.41% 
C1b 32 0.14% 0.06% 46 0.17% 0.09% 78 0.16% 
E1b 17 0.08% 0.03% 12 0.04% 0.02% 29 0.06% 
Total 
Coarse 
21501 95.26% 43.08% 25969 94.97% 52.03% 47470 95.11% 
         
Total 22570 100.00% 45.21% 27343 100.00% 54.79% 49913 100.00% 
         
 
Table 2.  List of samples analysed with SEM-EDX and their identified tempers.  
I/I = incised and impressed; C/M = cord-marked. Rim forms are shown in Fig. 3. 
 
Sample Provenance Description Macroscopic Fabric Identification Temper identified in SEM-
EDX 
Calcareous Temper (a) 
7 H2-C5-L5-2-C.2008/2 C/M body Coarse 
coarse to very coarse white inclusions in porous, buff to 
gray matrix 
Calcareous, fine to coarse 
40 H2-C5-L4-3-C.2007/3 B1a-v rim Coarse 
coarse to very coarse white inclusions in porous, buff to 
dark gray matrix 
Calcareous, fine to very 
coarse (and grog) 
43 H2-C5-L5-1-C.2008/1 B1a-v rim Coarse 
coarse to very coarse white inclusions in porous, buff to 
black matrix 
Calcareous, fine to coarse 
97 H2-C4-L5-2-C.2008/2 B1a-v rim Coarse 
coarse to very coarse white inclusions in porous, buff to 
black matrix 
Calcareous, fine to very 
coarse (and grog) 
27 H2-C5-L4-1-C.2007/1 B1a-v rim Coarse 
coarse to very coarse inclusions in porous, buff to gray 
matrix 
Plucked out angular 
structures, medium to very 
coarse – possibly calcareous 
(and grog) 
Sand Temper (b) 
3 H2-C5-L4-F.1 I/I body Fine 
very fine inclusions in smooth porous, buff matrix 
Sand, very fine to fine 
5 H2-C5-L4-F.1 A1b rim Fine 
fine inclusions in slightly porous, dark grey matrix 
Sand, fine 
8 H2-C5-L5-2-C.2008/2 C1c rim Fine 
very fine inclusions in slightly porous, buff to grey matrix 
Sand, very fine to fine 
16 H2-C5-L5-5-C.2008/5 I/I body Fine   
fine to coarse inclusions in smooth, buff matrix 
Sand, fine to coarse (and 
igneous rock) 
23 H2-C5-L4-1-C.2007/1 C2a rim Fine   
very fine inclusions in smooth, brown matrix 
Sand, very fine to fine 
30 H2-C5-L5-3-F.12 I/I rim Fine  
very fine inclusions in smooth, dark gray matrix 
Sand, very fine to fine 
33 H2-C5-L4-2-C.2007/2 C1c rim Fine 
very fine to fine inclusions in smooth, buff to grey matrix 
Sand, very fine to medium 
36 H2-C5-L5-3-C.2008/3 I/I body Undetermined  
fine to medium inclusions in smooth, orange to grey 
matrix 
Sand, fine to medium 
46 H2-C5-L5-2-C.2008/2 Plain body Fine 
fine to medium inclusions in slightly porous, grey matrix 
Sand, fine to medium 
53 H2-C4-L5-3-F.12 I/I A2 rim Fine   
fine inclusions in slightly porous, grey to buff matrix 
Sand, fine to coarse 
54 H2-C4-L5-3-F.12 I/I A2a rim Fine 
fine inclusions in smooth, buff to grey matrix 
Sand, very fine to fine (and 
grog) 
55 H2-C4-L5-2-F.12 A1g rim Fine 
very fine to coarse inclusions in smooth, buff matrix 
 
Sand, fine to coarse 
64 H2-C4-L5-4-F.12 I/I body Fine   
fine inclusions in smooth, orange to buff matrix 
Sand, very fine to medium 
90 H2-C4-L4-F.1 A1b-v rim Fine 
fine to medium inclusions in smooth, brown matrix 
Sand, fine to medium (and 
grog) 
91 H2-C4-L4-F.1 C2a rim Fine 
fine inclusions in smooth, dark grey matrix 
Sand, fine 
92 H2-C4-L4-F.1 A2a rim Fine 
very fine inclusions in smooth, dark brown to dark grey 
matrix 
 
Sand, fine to coarse (and 
igneous rock) 
107 H2-C4-L4-1-F.1 A1g rim Fine 
very fine inclusions in smooth, buff to grey matrix 
Sand, very fine to fine 
108 H2-C4-L5-4-C.2008/4 C1c rim Fine 
fine inclusions in slightly porous grey matrix 
Sand, fine to coarse 
No Temper (c)   
111 H2-C4-L5-4-C.2008/4 C1b rim Undetermined 










Na2O MgO SiO2 K2O CaO TiO2 FeO 
1 3.09982 44.283 -0.45043 0.4138 0.12858 0.22733 -0.45761 0.47501 0.35017 
2 2.22185 31.741 0.28887 0.28586 0.61373 0.55746 0.27781 0.051303 -0.26002 
3 0.967103 13.816 0.18523 0.46948 0.16901 -0.30988 0.24903 -0.36974 0.64959 
4 0.298813 4.2688 0.52969 -0.040328 -0.30401 -0.0027188 0.27222 0.69928 0.24956 
5 0.181551 2.5936 -0.57401 -0.354 0.14358 0.096279 0.66016 0.1311 0.24962 
6 0.128275 1.8325 0.25927 -0.63166 0.44821 0.086554 -0.37609 -0.043492 0.42669 
7 0.102588 1.4655 0.045588 -0.026638 -0.51411 0.72441 -0.0054317 -0.35631 0.28486 
 
 
Table 4. Clay compositional groups identified in PCA. Rim forms are shown in Fig. 3. 
 
PCA Groups PC1 (44.28%) / PC2 (31.74%) = 76.02% PC1 (44.28%) / PC3 (13.82%) = 58.10% 
 
Clay Group 1 Samples 3, 5, 8, 16, 23, 30, 33, 36, 46, 53, 54, 55, 
64, 91, 92, 107, 108 
Samples 7, 8, 16, 23, 30, 33, 53, 54, 90, 91, 92, 
107, 108, 3, 5, 36, 46, 55, 64, 111 
Fine sand-tempered; incised and impressed 
sherds; plain sherds; A1b, A1b-v, A1g, A2/A2a, 
C1c and C2a rim form sherds 
 
Fine sand-tempered; incised and impressed 
sherds; plain sherds; A1b, A1b-v, A1g, A2/A2a, 
C1c and C2a rim form sherds 
 
Clay Group 2 Samples 27, 40, 43, 97, 111 Samples 27, 40, 43, 97 
Calcareous-tempered and no temper (111); B1a-v 
and C1b rim form sherds 
 
Calcareous-tempered; B1a-v rim form sherds 
 
Clay Group 3 Sample 7  
Coarse calcareous-tempered cord-marked sherd 
 
 
Clay Group 4 Sample 90  






Table 5. Summary of fabric groups in the Rach Nui sample. 
 
Tempers Clay 1 Clay 2 Clay 3 Clay 4 
 
Calcareous (a1)  Fabric Group 2-a1 
Sample 43 




Fabric Group 3-a1 
Sample 7 





 Fabric Group 2-a2 
Samples 27, 40, 97 





Sand (b1) Fabric Group 1-b1 
Samples 3, 5, 8, 23, 30, 33, 36, 46, 
53, 55, 64, 91, 107, 108 
Incised and impressed and plain 
sherds; A1b, A1b-v, A1g, A2/A2a, 














   
Sand with Igneous 
Rock (b2) 
Fabric Group 1-b2 
Samples 16, 92 
Incised and impressed sherd; A2a 




   
Sand with Grog (b3) Fabric Group 1-b3 
Sample 54 





  Fabric Group 4-b3 
Sample 90 
A1b-v rim form sherd 
 
 
No Temper (c1)   Fabric Group 3-c1 
Sample 111 






Table 6. Proportion of form classes in the Rach Nui and An Son assemblages.  
 
Form Class Rach Nui An Son 
A1 4.97% 70.46% 
A2 0.28% 9.72% 
B 93.33% 2.27% 
C 1.36% 6.84% 
D 0.00% 8.52% 
E 0.06% 2.18% 
Total 100.00% 100.00% 
 
